Abstract: Marshland vegetation of the class Phragmito-Magnocaricetea in the Krapina river valley was investigated during 2006 and 2007, and some sporadic investigations were made earlier. Phytosociological studies were carried out in accordance with the standard Braun-Blanquet methodology. As a result of the field work, and a small amount of data from the literature, 120 relevés were collected and 18 communities were established. For the purposes of comparison, the relevés were also classified using numerical methods. The clusters obtained mostly correspond to specific associations, but do not confirm the division into traditional vegetation alliances and orders. In the analysis of the ecological factors it is established that separation of the relevés is influenced by nutrient content, soil reaction, soil moisture, depth of water, and type of management. Analysis of the plant life forms shows, in all marshland communities, a prevalence of hemicryptophytes, geophytes and hydrophytes. The most widespread marshland communities of the investigated area are: Phalaridetum arundinaceae, Phragmitetum australis and Galio palustris-Caricetum ripariae. Furthermore, Carex randalpina community is recorded for the first time in Croatia. The most threatened marshland communities could be considered to be: Carex randalpina community, Caricetum vesicariae, Leersietum oryzoidis and Oenantho-Rorippetum. They are selected because of their very small surfaces in the investigated area and the small number of known localities within the territory of Croatia. The most invasive alien plant species in the Krapina river valley is Solidago gigantea. It spreads in potential habitats of marshland vegetation, and it is recorded in the species composition of many marshland communities. For the preservation of marshland vegetation, and especially threatened types, it is necessary to maintain the water regime of the habitats, to not remove natural plant cover due to spreading of neophytes, and to provide occasional mowing and burning.
Introduction
Marshland habitats in river valleys belong to the most endangered types of habitat in Croatia (Martinić 2000) and in Europe (Habitat Directive 92/42/EEC, Anonymous 1992). Their surfaces are decreasing rapidly. There are various reasons: watercourse engineering, draining of the marshes, fragmentation of habitats, abandonment of mowing, overgrowth by woody species, spreading of neophytes and others.
In Croatia, 40 marshland communities of the class Phragmito-Magnocaricetea have been recorded (Stančić 2007 (Stančić , 2008 . So far, there have been only sporadic investigations over small areas (Hulina 1985; Kamenjarin & Pavletić 2002; Rauš et al. 1978 Rauš et al. , 1985 Šeg-ulja 1976; Topić 1989; Trinajstić et al. 1985; Trinajstić & Šugar1986; Trinajstić & Pavletić 1991; Trinajstić & Franjić 1999; Trinajstić et al. 2001) . In general, the marshland vegetation of Croatia has been relatively poorly investigated. Therefore, there is an obvious need for further extensive research, particularly in places where the marshland vegetation is developed to a large extent. A similar situation is also found in the neighbouring countries of the former Yugoslavia: in Slovenia (Ilijanić 1979; Seliškar 1986 Seliškar , 1993 , Bosnia and Herzegovina (Lakušić et al. 1977) , Serbia (Kojić et al. 1998) , and Montenegro (Blečić & Lakušić 1976) .
The Krapina river valley represents an area with various marshland vegetation types. There are many natural marshland habitats as well as anthropogenically created ones. This makes the study area biologically very diverse and valuable. There has been no systematic investigation of marshland vegetation except for several relevés from Horvatić (1930) , and preliminary research by Stančić (1996 Stančić ( , 1997 .
Due to the lack of data on marshland vegetation, and its great importance for nature conservation, the aims of this paper are: (1) to provide a review of marshland vegetation of the class Phragmito-Magnocaricetea in the Krapina river valley, (2) to draw a parallel between marshland communities of the study area and similar investigations in the region, (3) to compare traditionally understood marshland communities with the results of numerical classification and ordination, (4) to examine the influence of some ecological factors using Ellenberg's indicator values and observations in the field, (5) to establish the adaptation of marshland communities to ecological conditions based on the proportions of life forms, and (6) to analyse the marshland vegetation from the aspect of nature conservation.
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Study area
The study area is located in northwest Croatia, in the Zagorje region (Fig. 1 ). The relief is diverse, characterized by the main wide Krapina river valley, and narrow valleys of its tributaries at altitudes of between 130 and 200 m a.s.l. Around the valleys are hilly landscapes of between 200 and 400 m a.s.l., and mountains no higher than 1060 m a.s.l.
Climatically, the annual average temperature in northwest Croatia is about 10
• C (Crkvenčić et al. 1974) . Annual precipitation ranges between 900 and 1100 mm. It is present during the whole year, with two maxima: at the beginning of spring, and in late autumn.
The landscape is characterized by the great fragmentation of land property and extensive form of land use. In the last decade, rapid abandonment of mowing and land cultivation has been observed.
According to Horvat et al. (1974) , the primary forest vegetation belongs to: Quercus robur and Fraxinus angustifolia forests in the valleys; Quercus petraea and Carpinus betulus forests in the hills; Fagus sylvatica forests at higher altitudes; and mixed Fagus sylvatica and Abies alba forests on the mountaintops.
Non-forest vegetation is mostly situated in valleys, and it encompasses arable land, grasslands, ruderal habitats and marshland.
Marshland vegetation develops along the Krapina river and many streams, canals and ditches, around old armlets, marshes and lakes, in terrain microdepressions, and other places. The habitats are of different origins. Old armlets represent preserved natural marshland habitats. The most common are seminatural marshland habitats in periodically flooded microdepressions of terrain within meadow complexes. There are also many anthropogenic marshland habitats, e.g. drainage canals and ditches along railways or motorways, and a whole waterway network has been dug, for carrying away floodwater and rainfall. Marshes in Konjšćina and Donji Lipovac have emerged from the caving in of abandoned coalmines. Lakes in Bedekovčina have originated from clay excavation for a brick and tile factory.
Material and methods
The field work was conducted during 2006 and 2007, and only a few sporadic investigations were made earlier. The majority of data were collected in the author's own field work, while three relevés were taken from Horvatić (1930) . The research was done in accordance with the Zürich-Montpelier methodology (Braun-Blanquet 1964) . The abundance of plant species was estimated using the scale (+, 1, 2, 3, 4, 5) which has been taken as the standard in Croatia (Horvat 1949) . The relevés were separated into communities on the basis of the dominant and/or diagnostic species in line with the traditional syntaxonomic system (cf. Stančić 2007) . All investigated marshland communities are described in the text. Their floristic composition is shown in analytical tables (Web tables 1-18, in electronic form at the web address http://. . . . . . .) processed by the JUICE program (Tichý 2002; Tichy & Holt 2006) . The relevé localities are listed in Appendix 1 in electronic form at the same web address as above. All communites are also presented in a synoptic table (Table 1) .
For the purpose of all numerical analysis, coverabundance values were transformed according to van der Maarel (1979) , as follows:
For the sake of comparison and verification of traditional marshland communities, all relevés were classified by numerical methods. The complete linkage method and similarity ratio distance coefficient in the SYN-TAX 2000 programs (Podani 2001) were applied. The result of the analysis is shown in a dendrogram (Fig. 2) .
The marshland communities of the study area were compared with similar investigations in the floodplains of Croatia and in countries in the region, the results of which are presented in Table 2 .
The ecological conditions of the marshland communities were analysed using Ellenberg indicator values (Ellenberg et al. 1991) and data observed in the field work (Fig. 3) . The analysis was conducted using Principal Components Analysis (PCA) in the CANOCO 4.5 program (ter Braak & Šmilauer 2002) . Of the Ellenberg indicator values, the influences of moisture, soil reaction and nutrient content were evaluated. In the calculation, the data were averaged with cover values of plant taxa. During the field work, type of management was observed, and divided into three categories: stands which are exposed to mowing, stands burned off, and abandoned former hay meadows. These observations are quoted at the heads of the analytical tables and arranged in PCA as binary data.
For the characterization of the marshland communities, plant life forms taken from the BIOLFLOR database (Klotz et al. 2002) were also analysed. Life forms are separated into the following groups: hydrophytes, geophytes, hemicryptophytes, chamaephytes, phanerophytes and therophytes. The proportions of life forms are calculated as percentage values and data are averaged with cover values of plant taxa. Results are shown in Figure 4 .
The most endangered marshland communities in the Krapina river valley were selected on the basis of available data on the number of localities and the size of stands in the investigated area and in Croatia as a whole (Stančić 2007) . Threatened plant species of the investigated data set were separated in accordance with Nikolić & Topić (2005) .
The syntaxonomic system of marshland vegetation has been based on the publications by Philippi (1998) and Stančić (2007) . The Latin names of marshland communities, with names of authors and year of first valid description, are given at least once in the text.
The nomenclature of plant species follows Flora Europaea (Tutin et al. 1964 (Tutin et al. -1980 (Tutin et al. , 1993 . The alliance Phragmition W. Koch 1926 -The communities of this alliance develop in comparatively deep water. They are poor in species. In the study area the alliance contains seven associations. The association Phragmitetum australis is the most widespread marshland community in all Croatia (Stančić 2007) . Scirpetum lacustris is also distributed across the whole of Croatia, but usually over small surfaces (Stančić 2007) . Associations Glycerietum maximae, Sparganietum erecti and Typhetum latifoliae are common in the continental part of Croatia (Stančić 2007) . Acoretum calami and Oenantho-Rorippetum have been recorded in inland Croatia at a small number of sites (Stančić 2007 ).
Results and discussion

Syntaxonomic survey
1. Ass. Phragmitetum australis Schmale 1939 (Web table 1) -The stands are situated around marshes, along streams, in canals along railway embankments, and on the surfaces of abandoned wet meadows. The community mostly occupies small surfaces which, due to an edge effect (Lukač 1988) , are rich in species. This vegetation is mostly not anthropogenically influenced, with the exception of occasional burning up of some surfaces during the cold part of the year. The association generally has a very wide ecological range with respect to water depth (Stančić 2007) , but in the study area most stands grow in habitats flooded for only a short period during the year, or in moist habitats without flood water. In the floristic composition of the community (Web table 1) the species Phragmites australis prevails, followed by Calystegia sepium, Lythrum salicaria, Rubus caesius and neophyte Solidago gigantea. From the standpoint of nature preservation the community is not endangered. Its spreading also shows the negative effect of overgrowth of other non-forest communities of lower growth. Similar trends are observed in some other parts of Europe (e.g. Próchnicki 2005 table 5 ) -The community has been recorded in a wide ditch and in a shallow canal. In the canal it vanished after the clearing of plant cover from the bottom. The main features of the habitat are: eutrophic conditions and shallow stagnant water which dries up during the summer. The community is resistant to occasional mowing, which impact was observed on the surface of relevé 29.
6. Ass. Acoretum calami Schulz 1941 (Web table 6) -It develops in stagnant, eutrophic water which dries up during the summer. Its stands are located in a wide ditch. The community is resistant to occasional mowing. for a short period during the summer. Stands are poor in species. In the floristic composition Rorippa amphibia appears as dominant, while the other character species of the association, Oenanthe aquatica, is very rare in the study area. The alliance Magnocaricion elatae W. Koch 1926 -The alliance contains nine communities. They develop in shallow flooded habitats or in moist habitats without surface water. Associations Galio palustrisCaricetum ripariae and Phalaridetum arundinaceae are the most widespread communities of the alliance in inland Croatia (Stančić 2007) . Caricetum elatae, Caricetum gracilis and Caricetum vulpinae communities are moderately common in the continental part of the country (Stančić 2007) . Association Eleocharitetum palustris and Iris pseudacorus community are recorded at several sites in inland and Mediterranean Croatia (Stančić 2007) . Carex randalpina community and Caricetum vesicariae are very rare in the continental part of Croatia (Stančić 2007 table 8 ) -The habitats of the association in the Krapina river valley are: edges of marshland, ditches, canals, and terrain microdepressions within meadows. Such places are characterized by stagnant water, eutrophic conditions and considerable fluctuations of the water regime. Some stands dry up completely during the summer. The community mostly develops in the form of tussocks, but there are also stands developed in the nontussock grassland form (cf. Schultze-Motel 1980). Nontussock stands are regularly mown and therefore exhibit a great number of species. In the floristic composition the most common species are: Carex elata, Lythrum salicaria, Galium palustre s. l., Iris pseudacorus, Lysimachia vulgaris, Carex vesicaria, C. riparia and Calystegia sepium.
9. Ass. Caricetum gracilis Almquist 1929 (Web table 9) -The stands of this association develop mostly in depressions of terrain within wet meadows, and rarely on the edges of marshland. As regards the management type, some surfaces are still mowed, some represent abandoned hay meadows, and a rare few are burned. Over the last 15 years a trend has been observed for the surfaces of this community to decrease. In the floristic composition of the association, the following species prevail: Carex acuta, Galium palustre s. l., Lythrum salicaria, Mentha aquatica, Ranunculus repens, Rumex crispus, Carex vulpina and Lysimachia nummularia.
10. The Carex randalpina community (Web table 10) -This is a new marshland community in Croatia. It was established in the Krapina river valley in 2006. Stands cover small surfaces in ditches and in shallow depression of terrain. Habitats are occasionally flooded during the heavier rainfalls. Some stands are exposed to burning up of the dry above-ground remains of plants during the cold seasons. The community is characterized by poor species composition, among which the most common are: Carex randalpina, Calystegia sepium and Filipendula ulmaria. This is a very rare community in Europe. So far, it has been recorded in Germany (Seibert 1962) and Austria (Balátová-Tuláčková et al. 1993) .
11. Ass. Caricetum vesicariae Chouard 1924 (Web table 11) -The community develops in shaded places near the edges of scrub. Habitats are flooded for part of the year, and are rich in nutrients. There is no observed influence of either burning or mowing. table 12 ) -The stands of this community develop in shallow depressions of terrain within meadow vegetation. They are flooded for part of the year. Most stands are exposed to regular mowing. Consequently, many species of the order Molinietalia W. Koch 1926 grow in the floristic composition. In the Krapina river valley the most common species of the community are: Carex vulpina, Rumex crispus, Alopecurus pratensis, Ranunculus repens, Potentilla reptans and Lysimachia nummularia.
Ass. Caricetum vulpinae Soó 1927 (Web
13. Ass. Galio palustris-Caricetum ripariae Balátová-Tuláčková in Balátová-Tuláčková et al. 1993 (Web table 13) -The community develops predominantly in microdepressions within meadow complexes, and rarely on the edges of marshland. Habitats are flooded for most of the year, while during the summer they are still moist, but without surface water. Most stands are abandoned, some are burned up, and a rare few are mown. Through several years of observation (Stančić, unpublished data) , it has been established that the association Galio palustris-Caricetum ripariae spreads on the surfaces of wet meadows after the abandonment of mowing. In the floristic composition of the stands from the Krapina river valley, the most frequent species are: Carex riparia, Leucojum aestivum, Carex vulpina, Lythrum salicaria and Ranunculus repens. There are also very common grassland species of the orderMolinietalia and the classMolinioArrhenatheretea Tx. 1937 em. Tx. et Prsg. 1951. 14. Ass. Eleocharitetum palustris Schennikov 1919 (Web table 14 ) -This community is recorded along the bank of a marsh and in a terrain microdepression within a meadow. Stands are exposed to flooding and regular mowing. Many species of the Molinietalia order grow in the species composition.
15. The Iris pseudacorus community (Web  table 15 ) -The community covers small surfaces in canals and microdepressions within meadow vegetation. Habitats are rich in nutrients and flooded for most of the year. Considering the human impact on the already developed stands, only rare stands are mown and burned. In the floristic composition there prevails Iris pseudacorus, followed by Lysimachia vulgaris, L. nummularia and Lythrum salicaria.
16. Ass. Phalaridetum arundinaceae Libbert 1931 (Web table 16) -The stands of this association grow along canal, stream and river banks, and in terrain depressions. Most habitats are out of reach of floodwater. Only a small number of stands in terrain depressions are exposed to short-term flooding. Great tolerance of soil moisture in habitats is possible, as the species Phalaris arundinacea develops roots up to a depth of 1.5 m (cf. Kutschera et al. 1982) . Some stands are exposed to occasional mowing and burning up, but most are without any influence. The community is generally poor in species. In the floristic composition Phalaris arundinacea is prevalent, followed by Calystegia sepium, Carex hirta, Equisetum arvense, Urtica dioica and Rubus caesius. In this paper the association is taken in broad terms in accordance with Philippi (1998) , but in the literature (Kopecký 1961; Kopecký & Hejný 1965; Hrivnák & Ujházy 2003) there exist several more narrowly understood associations dominated by Phalaris arundinacea, of which the following are present in the study area: Rorippo-Phalaridetum arundinaceae Kopecký 1961 (relevés 103, 104, 106-118 1957 -The alliance contains two communities which grow on the banks of streams and other water bodies. They are affected by periodic floods and water flow. The association Leersietum oryzoidis and the Veronica beccabunga community belong to marshland communities rare in inland Croatia (Stančić 2007) , and perhaps they are also overlooked in many places. (Web table 17 ) -This community develops on the bank of a eutrophic lake in Bedekovčina over a small surface, exposed to flooding during high water levels.
Ass. Leersietum oryzoidis Eggler 1933
18. The Veronica beccabunga community (Web table 18) -The stand of this community is located in a ditch. The habitat is of anthropogenic origin, characterized by eutrophic conditions and by shallow water that dries up during the summer.
Frequencies of marshland communities
In the study area, the most widespread marshland communities are: Phalaridetum arundinaceae, Phragmitetum australis and Galio palustris-Caricetum ripariae. Somewhat less well distributed are: Caricetum elatae, Caricetum gracilis, Caricetum vulpinae, Iris pseudacorus community and Typhetum latifoliae. The very rare marshland communities are: Acoretum calami, Carex randalpina community, Caricetum vesicariae, Eleocharitetum palustris, Glycerietum maximae, Leersietum oryzoidis, Oenantho-Rorippetum, Scirpetum lacustris, Sparganietum erecti and Veronica beccabunga community. The number of relevés in the investigated data set shows, to a certain extent, their occurrence in nature.
Numerical analysis
The results of the numerical classification show very good correspondence between traditionally comprehended communities (based on both dominant and diagnostic species) and the clusters obtained (Fig. 2) . In the dendrogram, only five of the 120 relevés lie outside the communities they belong to. The outliers are relevés with species compositions in which appear diagnostic species of two associations with considerable cover values.
On the basis of the results, it could be concluded that the syntaxonomic system, at the level of associations applied in this paper, is well established. On the other hand, classification at higher syntaxonomic levels doesn't confirm the division into three alliances (Phragmition, Magnocaricion and Sparganio-Glycerion flui- tantis) within the Phragmitetalia order in accordance with Philippi (1998) , which is consistent with earlier investigation by Stančić (2007) . In the same way, the results of classification do not match any other known syntaxonomic system of marshland vegetation (Pignatti 1954; Kopecký 1961; Balátová-Tuláčková 1963;  Hrivnák (2002 Hrivnák ( , 2003 Hrivnák ( , 2004a Slovakia Oťaheľová (1996) Czech Republic Hanáková, Duchoslav (2002 , 2003a Acoretum Kopecký & Hejný 1965; Oťaheľová et al. 2001) . This discrepancy indicates the need for further phytosociological research with a large amount of data, and from a wider region.
Diversity of marshland communities
Analysis of marshland vegetation diversity shows that, of the 40 communities known in the whole of Croatia, and of the 34 recorded in the continental part of the country (Stančić 2007 (Stančić , 2008 , 18 communities have been established in the Krapina river valley. For comparison, in similar studies in Croatia (Table 2) : Topić (1989) established 10 communities in the Special Zoological Reserve of Kopački Rit; Rauš et al. (1978) found eight communities in the lowland woods of Slavonia; Trinajstić & Pavletić (1991) noted five communities in the Special Ornithological Reservation Krapje ol. Here, also, are several examples from countries in the region (Table 2 ). In Slovenia, Seliškar (1993) noted 11 marshland communities in the Sotla river floodplain east of Z. Stančić Brežice. In Serbia, Rauš et al. (1980) recorded eight communities in south-western Srem; Cincović (1955) established five communities in the Sava valley. On the border between Slovakia and Hungary, Hrivnák (2002 Hrivnák ( , 2003 Hrivnák ( , 2004a established 29 communities in the catchment area of the Ipeľ river. In Slovakia, Oťa-heľová (1996) found 17 communities on the Slovak side of the Morava river floodplain. In the Czech Republic, Hanáková & Duchoslav (2002 , 2003a recorded 25 communities in the Hornomoravský úval area of the Morava river floodplain. The examples quoted (Table 2) cannot entirely be mutually compared, due to the different sizes of the study areas. Different authors have invested unequal efforts in the investigations. Also, there is no unique syntaxonomic system of marshland vegetation in countries in the region. However, among all the examples of marshland vegetation in floodplains along rivers, it is noticeable that the Krapina river valley is relatively rich in various marshland communities.
Ecological conditions of marshland communities
By PCA analysis it is established that the first ordination axis (eigenvalue 0.136) corresponds to the gradient of nutrient content and soil reaction (Fig. 3) . These two ecological factors are mutually connected, and soil rich in nutrients usually shows higher values of soil reaction (cf. Scheffer & Schachtschabel 2002) . On the lefthand side of the diagram are placed associations with higher trophic level. These are mostly communities of the Phragmition and Sparganio-Glycerion fluitantis alliances. Their habitats are supplied with nutrients by flooding. The highest values are shown by Phragmitetum australis and Phalaridetum arundinaceae. On the right-hand side of the diagram are placed relevés with lower trophic level, which correspond to the communities of the Magnocaricion alliance where nutrients are removed by mowing. The second ordination axis (eigenvalue 0.092) is related to soil moisture. On the basis of the diagram, the highest moisture levels belong to associations Galio palustris-Caricetum ripariae and Caricetum elatae, and the lowest to associations Caricetum gracilis and Caricetum vulpinae. The arrangement of communities in the diagram corresponds well with general trends in moisture observed in the field. Based on the results, it can be concluded that the water regime of the habitats is essential for the preservation of marshland communities.
In the PCA analysis conducted, the first two ordination axes explain 22.8% of the variance of the species data, and 55.8% of the variance of the speciesenvironment relation.
In the data set researched, management type also plays a very important role (Fig. 3) . Mowing and burning up were observed, as well as absence of any management type. Mowing has greatest influence on the species composition of the Magnocaricion alliance, particularly on associations Caricetum gracilis, Caricetum vulpinae, Eleocharitetum palustris, and partly Galio palustrisCaricetum ripariae. This vegetation is mown once or twice, rarely three times, per year. Mown stands are very luxuriant and contain many species of the Molinietalia order and the Molinio-Arrhenatheretea class. The number of species per relevé increases with the influence of mowing (Fig. 3) . Furthermore, burning up of dry remains of plants during the cold seasons occurs most in communities of high growth such as Phragmitetum australis and Phalaridetum arundinaceae. It also stimulates luxuriant growth of vegetation, but such stands are considerably poorer in species in comparison with mown stands. Additionally, burning and mowing prevent an overgrowth of woody species. The most adverse situation is the complete absence of mowing and burning up. Abandoned surfaces are characterized by notably poorer species composition and diminished general vitality of marshland plants.
As a result of this work it has been confirmed that differences in the species composition of marshland vegetation are influenced by nutrient content, soil reaction, habitat moisture and depth of water, which is in accordance with similar investigations (e.g. Wheeler & Proctor 2000; Hanáková & Duchoslav 2002; Wassen et al. 2002; Hrivnák 2005) . But it has also been established that such differences are strongly influenced by land management type. This relates, above all, to mowing, which is generally associated with semi-natural grasslands, rather than marshland vegetation (Bakker 2005) . Due to the general trend towards the abandonment of extensive agriculture and mowing, and a reduction in the surfaces of semi-natural wet habitats, long-term monitoring of marshland vegetation should be undertaken in order to make clear the process of natural succession in more detail.
Proportion of life forms in marshland communities
Life forms reflect the adaptation of plants to unfavourable conditions of habitat (Raunkiaer 1934) . In the results of the analysis in this paper, every marshland community is characterized by a specific life form spectrum (Fig. 4) . In communities which can tolerate a considerably high water level, hydrophytes prevail, followed by geophytes and hemicryptophytes. These are associations within the Phragmition alliance: Phragmitetum australis, Typhetum latifoliae, Scirpetum lacustris and Sparganietum erecti. Communities within the Magnocaricion alliance are adapted to seasonal periodic flooding, and in the species composition hemicryptophytes predominate, followed by geophytes and hydrophytes. Communities within the Sparganio-Glycerion fluitantis alliance are dominated by hemicryptophytes, hydrophytes, geophytes and therophytes.
In some relevés the presence of phanerophytes indicates the initial stages of succession, i.e. overgrowth with woody species. Therophytes are noted in some-
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what greater number in the following communities: Leersietum oryzoidis, Oenantho-Rorippetum, Sparganietum erecti and Veronica beccabunga community. Associations Sparganietum erecti and Oenantho-Rorippetum grow in sparse stands in habitats that dry up during the summer, and therophytes develop in bare patches between the plants. In the surfaces of Leersietum oryzoidis and Veronica beccabunga community, therophytes appear on disturbed surfaces subjected to flooding and water flow. And finally, the common feature of all the investigated marshland communities is the dominance of hemicryptophytes, geophytes and hydrophytes. These three life forms belong to perennials, which are characteristic of habitats with relatively stable conditions.
Threatened marshland communities and plant species Considering the threat status of the investigated vegetation, four communities are selected: Carex randalpina community, Caricetum vesicariae, Leersietum oryzoidis and Oenantho-Rorippetum. Carex randalpina community is noted here for the first time in Croatia over a small area, and the other three communities are rare in the study area as well as in Croatia as a whole (cf. Stančić 2007) . Communities which are distinguished in this work as rare and threatened should be subjected to continuous monitoring and local protection of their habitats.
Marshland vegetation represents habitats for threatened species of Croatian flora. In the data set studied, 12 taxa from the Red Book of Vascular Flora of Croatia (Nikolić & Topić 2005 ) have been established: one endangered (Hottonia palustris), five vulnerable (Carex panicea, Carex riparia, Carex vesicaria, Fritillaria meleagris, Glyceria fluitans), three nearly threatened (Leersia oryzoides, Ophioglossum vulgatum, Poa palustris), and three data-deficient (Deschampsia cespitosa, Ludwigia palustris, Orchis laxiflora subsp. palustris). According to observations in the area under investigation, the species Carex riparia is very common and shows further spreading. Consequently, its threat status needs checking.
Neophytes in marshland vegetation
Significant anthropogenic impact in the Krapina river valley is manifested in the presence of alien plant species. In the composition of the marshland vegetation, five neophytes have been determined: Solidago gigantea, Echinocystis lobata, Acorus calamus, Erigeron annuus, and Bidens frondosa. The most frequent and the most invasive neophyte is Solidago gigantea. In the species composition of Phragmitetum australis it is noted in approx. 40 % of relevés, and in some of these relevés with considerable cover values. The species is also common in stands of Caricetum elatae. Another common neophyte is Echinocystis lobata, appearing in various associations, but usually as single plants. In the investigated area, a neophytic marshland association, Acoretum calami, has been recorded. It is noted at only one locality and shows no tendency towards invasive spreading. Neophytes Erigeron annuus and Bidens frondosa are noted only sporadically.
It is well known that marshland communities are, due to dominant clonal plants, resistant to invaders (Rejmánek et al. 2005) . But, in the regulation of waterways and the clearance of banks, the natural plant cover is often removed, and such surfaces are subject to the development of neophytic stands. Due to invasive spreading of some neophytes and displacing of natural vegetation, the distribution of all neophytes in the Krapina river valley should be monitored in the future, both in the composition of marshland vegetation and in potential marshland vegetation habitats. This is supported by the fact that in Croatia there have been only sporadic investigations into the habitats of neophytes and their ecology (Marković 1970 (Marković , 1984 Lukač 1988) .
